A mathematical model to determine the thermal function on a solar cooker box-type with internal reflector as well as one application in numerical simulation for predicting the transitory thermal behavior are shown. The mathematical model validation is carried out when numerical results generated by numeric simulation are compared versus own experimental results and experimental results reported by El-Sabaii and Domanski at Tanta, Egypt. Experimental data obtained by El-Sabaii and Domanski were selected because these were obtained under controlled conditions and their solar cooker prototype is similar to the solar cooker analyzed in this work. For the mathematical model solution, ambient temperature and solar radiation values were used and for this purpose, experimental data were obtained. A device Compact Field Point Model FP-TB-3 to obtain ambient temperature values was used and an Eppley piranometer 8-48 for obtaining solar radiation data was used. The information obtained was processed using the Labview software of National Instruments. A case when the solar cooker is integrated for 3, 4 and 5 steps is considered and the thermal behavior in the solar cooker for this case is evaluated. The main results allow to explain how the increment in the internal steps impacts on the temperatures in the solar cooker. Also is explained how the mathematical model can be used for different applications as different fluids and different liquid amounts. Finally, is pointed out how the numerical techniques can be useful to analyze solar devices as solar cookers box-type.
Introduction
There are many opinions about how solar energy can be applied to domestic uses; some of them indicate that solar cookers may be one such case. Investigators around the world have developed several types of solar cookers; among those one can be found the box-type, with flat plate or with concentrator.
Due to their easy construction and low cost, the box-type solar cooker has been studied and improved for years. One improvement for this solar cooker has been to add internal reflectors, also called multi-step inner reflectors which have turned out a practical successful. Step Authors as Group, et. al. [1] have investigated solar cookers box-type, their results have been useful as reference to other investigations. Among their investigations, they have showed a numerical simulation for a solar cooker box-type, their results were applied to determine the effects in the absorbent and the pot, as well as the thermal behaviour in the conductivity of the absorbent. At Tanta, Egypt, El-Sebaii and Domanski [2] obtained analytical expressions to determine temperatures in a solar cooker in several parts in the same one. With those results they determined their thermal behaviour. In another work presented by Thulasi et al. [3] they obtained a mathematical model for a solar cooker box-type and they exposed problems for a great quantity of parameters that participate in the thermal operation of solar cookers. A parametrical model for the operation in a solar cooker to predict their cooking power was presented by Funk and Larson [4] . The model was based on three controlled parameters (area of solar interception, overall heat loss coefficient, and thermal conductivity of the plateful base's absorber) and three not controlled variables (heatstroke, temperature difference, and load distribution). This model was validated using solar commercial cookers. Kariuki et al. [5] applied finite-differences to obtain the numerical simulations in a pot with cold water. The pot was placed on a hot storage block and the time was estimated until the water had boiled or the temperature in the water had reached a maximum value. For a given capacity in a pot, numerical simulations were made; the storage block was made in cast iron and granite (rock). Thermal behaviour for different ratios heights-diameters and sizes in the solar zone area input were obtained. Pejack [6] developed a mathematical model considering the heat transfer processes for a solar cooker box-type, containing foods. Solar radiation and a flat reflector over the box were considered. Small time increments were evaluated. The computer model finds temperatures of air, food, interior walls and top cover. In the results obtained, the solar flux throughout the cooking period was considered. Some of sample results were presented. He showed how the food temperature is affected by latitude, month, wind, clouds, mass of food and thermal resistance of the box walls and adjustment of the box while cooking. Suharta et al. [7] described the influences which govern to the solar box cookers and they proposed a new design. Results obtained for them, showed that the best of solar cookers, gave a cooking temperature of 202°C between 12:00 and 12:45 p.m. on October 7, 1997. It was found that this solar cooker has a good heat storage capability; therefore it can be used for consecutive cooking. The size optimization, the aperture area, the insulator thickness, the oven volume and the reflector area lead to a new design called HS 5521 were presented. Its volume is only 35% of the volume of first model, and it is cheaper to manufacture. Kumar, S. [8] , presented a simple test procedure to determine design parameters to predict the thermal performance in a solar cooker box-type. An out-door series experiments were performed on the double-glazed solar cooker with aperture area 0.24 m 2 to obtain two figures of merit, F1 and F2. The proposed procedure is then applied to predict the heating characteristic curves in the solar cooker with different load of water. Terres and Quinto [9] presented the numerical results when a box type solar cooker with inner reflectors was evaluated in two cases of application. The first of them was a comparative with a previous design made in Tanta, Egypt, and the second one was a numerical test for long time operation (10 hours). El-Sebah, [10] presented a simple mathematical model for a box-type solar cooker with outer-inner reflectors. It is based on analytical solution of the energy-balance equations for different elements of the cooker. The cooker performance is investigated by computer simulation in terms of the cooker efficiency as well as characteristic and specific boiling times. El-Sebaii and AboulEnein [11] presented a transient mathematical model for a box-type solar cooker with a one-step outer reflector hinged at the top of the cooker. It is based on analytical solution of the energy-balance equations using Cramer's rule for different elements of the cooker. Various heat-transfer coefficients are assumed to be temperature dependent. Terres et al. [12] they presented a second law analysis applied to a solar cooker box-type with multi-step inner reflectors. By second law efficiency concept, the real yield of this cooker type was shown. The result of the analysis shows that the yield of the solar cooker under transitory operation conditions is smaller than 5% and this result added to the construction costs, allows a real evaluation of this type of solar cooker. In this work, the validation for a mathematical model as well as one application to determine the thermal function in a solar cooker box-type with variables steps are shown. The validation is made using water as test fluid. Also one application case is analysed when the inner-steps in the cooker are evaluated for 3, 4 and 5 steps. In figures 1 and 2, the solar cooker prototype and an illustrative scheme are shown. The results obtained can be useful for design proposes and the mathematical model can be considered as a versatile contribution to develop or improvement other models and to determine the thermal behaviour in solar cookers box-type with internal reflectors. 
Mathematical model and numeric solution
The solar cooker with internal reflectors is integrated by the following elements: 1. a cover with two flat glasses with a clearance between them. 2. Internal reflectors made in commercial aluminium paper placed to different tilt angles, 3. Thermal insulator placed in the lateral part of the same one, and 4. Recipient contains the product to cook. The solar cooker is locked air tightly; this allows reaching considerable temperatures in the test fluid, which is water for this study. The mathematical model used in the numerical simulation takes in account gains and losses of energy for each component of the cooker. The energy balance in the solar cooker is shown in figure 3. The energy balances are applied to a) glass 1, b) glass 2, c) lid, d) recipient and e) fluid. (2) ) ( Heat flow radiation for the sun and absorbed by the lid ) ( 
By placing the heat flow terms into the equations (1) to (5), the mathematical model can be expressed in an explicit way: 
The function that relates number of reflectors and its reflection angles has been included in equation (9) . These equations have been simplified by means of the following considerations: i) The temperature T c in Q 4 can be calculated by means of the correlation given by Swinbank [13] (11) ii) The temperature T int2 in Q 8 and Q 13 are obtained in function of others temperatures by means of the following supposition: 
iii) Properties: absortivity ( ), reflectivity ( ) and transmisivity ( ) have been considered constant. iv) Heat convection coefficients have been estimated of data given by Thulasi, et al. [3] . v) The solar radiation impact over the solar cooker occurs in perpendicular way.
The mathematical model has been solved by means of the fourth order Runge Kutta's method. This solution was possible through the use of software developed in C++, which allows evaluating different cases of application for box type solar cookers with internal reflectors. By using experimental data of solar radiation and ambient temperature as well as solar cooker geometry, it is possible to determine the distribution of temperature for different parts in the same one. The experimental data are useful because it diminishes the difference between experimental and numerical values. The flowchart corresponding to the applied method is shown in fig. 4 . 
Mathematical model validation
In the mathematical model validation, the numerical results were generated by means of a software developed in C++. These were compared with own results and experimental data obtained by El-Sebaii and Domanski. The experimental data obtained by El-Sabaii were selected because these were obtained under controlled operation conditions. The average values for ambient temperature and solar radiation used in their experimental tests were 34.5 °C and 476 W/m² respectively. These values were considered as constant in that study. However, the mathematical model development in this paper allows generating numerical solutions when the solar radiation and ambient temperature are constant or variable. The experimental data in this work was acquired using an Eppley piranometer Model 8-48 and a Field Point Model FP-TB-3 device. Due to the experimental data obtained be El-Sebaii and Domanski were generated in a laboratory; the time for the warm-up process was short, as one view in the figures 5 to 9. Water was used both as test fluid in the experimental tests but, it is important to point out that the mathematical model allows considering different liquids if it is necessary. The geometrical description as well as conditions for the water quantity used is shown in table A1, Appendix. As one can see in figures 5 to 9, the numerical results obtained by simulation compared with own results have the smallest differences while the biggest differences happen for the comparative with the numerical results reported by El-Sebaii and Domanski. The maximum differences are 26.4% in T r , ( fig. 8 ) and 7.6 % in T g , (fig. 6 ). These differences happened when the tests are starting; in this case the reason in the differences can be associated to the convergence´s method which is minor for the final data. The glass 1 is where the solar cooker is more exposed to the exterior effects such as heat convection. The cooker could be influenced by wind velocity, and the heat radiation interchange between the surrounding and the solar cooker. Another possible explanation between experimental and numerical result differences can be associated to the loss of heat in the mathematical model developed for the solar cooker, which might have taken in account more losses than really happen in the experimental tests. According to the values, it is possible to establish that the mathematical model and their results can be useful to predict the tendency of the temperature values in the solar cooker well. So, the numerical data for the temperatures will give a good behavior and description for the solar cooker. The comparisons of simulated and experimental values for water are shown in figures 5 to 9. In figure 10 , the experimental data used in the simulation are shown. These were selected about 10 different experiments done. In these data were sought the best tendency in the same one. According to the data, their behavior shows an acceptable adjust, useful such as conventional measures for the numerical simulation. 
Discussion
As one can see in figures 10 to 13 the maximum temperature for the cooker occurs in the lid for the three cases. It happens because the lid is exposed to the direct solar radiation and effects of the inner convection in the cooker. The minimum temperature occurs for the glass 1, which is placed in contact with the ambient temperature and it is affected for the exterior convection. The maximum temperatures for water are 95.9, 100.7 and 106.2 °C and correspond to 3, 4 y 5 steps respectively. According to results, the solar cooker reaches the highest temperature with 5 internal steps, while the smallest temperature increase occurs with 3 internal steps. This can be explained by the increase of reflection area which, when the internal step is increased, the reflection area increases also. Besides, when the internal step number is increased, the body temperature on the recipient also increases, this explains the temperature increase in the water.
